Introduction {#sec1_1}
============

Adenoid cystic carcinoma (ACC) is a rare form of malignant neoplasm that most commonly develops in the salivary glands or other regions of the head and neck. In some cases, ACC may arise in other primary sites, such as the skin, the breast, the head of the cervix in women, the prostate gland in men, or other areas. ACC is common in middle-aged adults, and is rare in people younger than 20 years of age. Some investigators have suggested that there appears to be a slight female preponderance, and this gender-specific trend could be due to the incidence rate in female organs \[[@B1]\]. ACC tends to spread along nerves, known as a perineural invasion, or through the bloodstream, lymph system, or other means. It spreads to the lymph nodes in only about 5--10% of all cases (<http://www.cancer.net/cancer-types/adenoid-cystic-carcinoma/overview>). The most common sites of metastatic spread of ACC are the lungs, liver, and bones.

Standard treatment includes complete surgical excision and additional radiation therapy in selected patients with a positive surgical margin, local recurrence, or high-grade malignancy. Systemic chemotherapy, based on cisplatin or cisplatin in combination with other agents including doxorubicin, vinorelbine, and fluorouracil has benefited certain patients with advanced disease caused by recurrent, metastatic, and unresectable tumors. It was reported that cisplatin monotherapy achieved a complete response (CR) \[[@B2]\]. However, there are no reports on nedaplatin yet, which has similar characteristics to cisplatin.

Nedaplatin (cis-diammine-glycolatoplatinum) is a second cisplatin analog and was developed in 1983 by Shionogi & Co., Ltd., Osaka, Japan, to provide treatment with an effectiveness similar to that of cisplatin ([http://www.e-search.ne.jp/∼jpr/PDF/SHIONO00.PDF](http://www.e-search.ne.jp/~jpr/PDF/SHIONO00.PDF)). It is used for treating head and neck cancer, small cell lung cancer, non-small cell lung cancer, esophageal cancer, bladder cancer, testicular tumor, ovarian cancer, and uterine cervical cancer. Cisplatin often induces nephrotoxicity and gastrointentinal toxicity, which limit its clinical use. Nedaplatin is an agent that demonstrated less of these toxicities \[[@B3]\]. According to the National Comprehensive Cancer Network guidelines, cisplatin is associated with a high risk for emesis (90% frequency of emesis), but nedaplatin is not categorized. In the clinical practice guidelines of the Japan Society of Clinical Oncology, it is categorized as moderate emesis risk (30--90% frequency of emesis). The dose-limiting toxicity of nedaplatin is characterized by thrombocytopenia. Several phase II studies have demonstrated the efficacy of nedaplatin combination therapy in head and neck cancer \[[@B4], [@B5], [@B6]\]. Moreover, a recent phase III study indicated that nedaplatin plus docetaxel was superior to cisplatin plus docetaxel with regard to overall survival in advanced or relapsed squamous cell lung cancer patients \[[@B7]\]. Based on this evidence, nedaplatin is currently the third most commonly used platinum agent, with only cisplatin and carboplatin being used more frequently. This case report shows the therapeutic efficacy of nedaplatin and reports the results obtained during the treatment of ACC.

Case Presentation {#sec1_2}
=================

A 43-year-old woman was referred to the Tohoku Medical and Pharmaceutical University Hospital with ACC arising from the right submandibular gland. At another hospital, she had already received chemotherapy with co-administration of 5-fluoruracil and cisplatin. The dosages of cisplatin and 5-fluoruracil were 80 mg/m^2^ (day 1) and 1,000 mg/m^2^ (days 1--5), respectively. She had received this regimen for 2 courses, but the effect measurement was progressive disease (PD). The second therapy had been S1 (tegafur, gimeracil, oteracil potassium). The dosage of S1 was 120 mg/body. She had received S1 therapy for 2 months, but her primary lesion progressed, and the lung lesion was stable (stable disease, SD). For her primary lesion, she had received cyberknife 35 Gy for 10 days. This therapy was effective for the primary lesion, but thereafter, the lung metastatic lesions were PD.

Thereafter, she was referred to our hospital. She had a weekly chemotherapy with a combination of paclitaxel and cetuximab. Initially, 80 mg/m^2^ paclitaxel was administered for 3 weeks, together with 400 mg/m^2^ cetuximab per week. Then, she received 80 mg/m^2^ paclitaxel weekly plus 250 mg/m^2^ cetuximab from the next week. After 3 courses, she had a CT examination, showing that the lung lesions were PD. Her lungs also appeared to have malignant effusion, and she was thus treated with OK-432 injections for intrapleural therapy. Thereafter, she was selected for nedaplatin therapy. The dosage was 100 mg/m^2^ nedaplatin every 4 weeks.

Our patient was evaluated for toxicity using the Common Terminology Criteria for Adverse Events (CTCAE) version 4.0. ([http://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm\#ctc_40](http://www.ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm#ctc_40)). On the third day of the first course, she had grade 2 anorexia and nausea. A dose of aprepitant, which addresses nausea, reduced her symptoms. Moreover, thrombocytopenia was not seen while she was administered nedaplatin. The CT examination before this first treatment with nedaplatin detected multiple lung metastases (Fig. [1](#F1){ref-type="fig"}). After the administration of 4 courses of nedaplatin, the number of lung metastases increased (Fig. [1](#F1){ref-type="fig"}). In addition, the CT examination after 5 courses of this treatment detected 2 brain metastases (approximately 1 cm in diameter each); therefore, she was further treated with gamma knife radiosurgery. Although her lactate dehydrogenase (LDH) levels, which is produced by ACC, showed a rising trend throughout the treatment, the level decreased for approximately 2 weeks immediately after the administration of nedaplatin every 4 weeks (Fig. [2](#F2){ref-type="fig"}). Most of her LDH types were LDH2, and the ratio was 36%. This indicates a possibility that the treatment may be effective.

Discussion {#sec1_3}
==========

Here, we report on a patient treated with nedaplatin for ACC arising from a submandibular gland. Effective agents are rare, and new chemotherapy agents are under investigation. Cisplatin is the most commonly reported agent in monotherapy. Licitra et al. \[[@B2]\] reported that cisplatin for the treatment of ACC achieved CR in 15%, SD in 46%, and PD in 38% of their population. Moreover, typical studies with single-agent chemotherapy for ACC are summarized in Table [1](#T1){ref-type="table"} \[[@B2], [@B8], [@B9], [@B10], [@B11], [@B12]\]. However, the efficacy of nedaplatin for ACC has yet to be established.

Nedaplatin has been used extensively to treat patients with non-small cell lung cancer. There are some studies that compared the survival benefits of nedaplatin and cisplatin in the treatment of non-small cell lung cancer. Shan et al. \[[@B13]\] reported that the mean chemotherapy duration was 3.3 cycles in the cisplatin group and 4.1 cycles in the nedaplatin group. The median survival time was 15 months in the cisplatin group, and 20 months in the nedaplatin group. The 1-, 2-, and 3-year overall survival rates were 62.4, 25.7, and 15.8% and 78.9, 38.9, and 16.8% in the cisplatin and nedaplatin groups, respectively. The incidence rate of nausea/vomiting, anorexia, and weight loss was higher in the cisplatin group compared to the nedaplatin group (36.1 vs. 8.4%, 17.3 vs. 5.8%, and 9.9 vs. 1%, respectively). In many cases, the administration of nedaplatin may not show a marked response; however, overall survival may be prolonged. Because patients receiving nedaplatin experience less toxicity and show good compliance with the regimen, these patients can complete more cycles of therapy. Shan et al. \[[@B13]\] also reported that in non-small cell lung cancer patients, more chemotherapy cycles can reduce the mortality risk by 46%.

On the other hand, the LDH level decreases after the administration of nedaplatin. It is known that LDH splits up into types LDH1 to LDH5. In particular, cancer cells result in elevated LDH2 levels. Our patient\'s LDH was mostly LDH2. Although her LDH levels, which is produced by ACC, showed a rising trend throughout the treatment, the level decreased for approximately 2 weeks immediately after the administration of nedaplatin every 4 weeks. Yuh and Kim \[[@B14]\] suggested that LDH2 is the most commonly elevated LDH type in non-small cell lung cancer patients. Serum LDH levels following chemotherapy are associated with the response to chemotherapy. Furthermore, Faloppi et al. \[[@B15]\] suggested that LDH seemed able to predict clinical outcome in terms of progression-free survival and overall survival for hepatocellular carcinoma patients treated with sorafenib. In our case, because our patient\'s LDH level decreased over a brief period immediately after the administration of nedaplatin every 4 weeks, it is possible that this regimen may be effective.

Side effects such as anorexia and nausea were observed, although they were well tolerated and manageable. Our patient had grade 2 anorexia and nausea, but the oral administration of aprepitant relieved some of these symptoms. Thrombocytopenia was not observed. Reports suggested that nedaplatin therapy seemed to be associated with acceptable and manageable side effects.

Conclusion {#sec1_4}
==========

Further clinical trials regarding nedaplatin are needed in order to evaluate the impact of this novel agent used here and to make a long-term prognosis in patients with ACC.
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###### 

Outcomes of monotherapy in adenoid cystic carcinoma

  Author \[Ref.\]                    Agent              Patients, *n*   CR + PR   SD        PD
  ---------------------------------- ------------------ --------------- --------- ---- ---- ----
  Licitra et al. \[[@B2]\]           cisplatin          13              2         6         5
  Tannock and Sutherland \[[@B8]\]   5-fluorouracil     12              4         2         9
  Tannock and Sutherland \[[@B8]\]   methotrexate       7               0         0         7
  Tannock and Sutherland \[[@B8]\]   cyclophosphamide   3               0         0         3
  Tannock and Sutherland \[[@B8]\]   chloroambucil      2               0         0         2
  Tannock and Sutherland \[[@B8]\]   vincristine        3               0         1         2
  Verweij et al. \[[@B9]\]           mitoxantrone       32              4         22        6
  Airoldi et al. \[[@B10]\]          vinorelbine        13              4              9    
  Vermorken et al. \[[@B11]\]        epinephrine        20              2              18   
  Gilbert et al. \[[@B12]\]          paclitaxel         13              0         7         6

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.
